The 1,3-dipolar cycloaddition reaction between unactivated azides and acetylenes proceeds exceedingly slowly at room temperature. However, considerable rate acceleration is observed when this reaction occurs inside the active center gorge of acetylcholinesterase (AChE) between certain azide and acetylene reactants, attached via methylene chains to specific inhibitor moieties selective for the active center and peripheral site of the enzyme. AChE catalyzes the formation of its own inhibitor in a highly selective fashion: only a single syn1-triazole regioisomer with defined substitution positions and linker distances is generated from a series of reagent combinations. Inhibition measurements revealed this syn1-triazole isomer to be the highest affinity reversible organic inhibitor of AChE with association rate constants near the diffusion limit. The corresponding anti1 isomer, not formed by the enzyme, proved to be a respectable but weaker inhibitor. The crystal structures of the syn1-and anti1-mouse AChE complexes at 2.45-to 2.65-Å resolution reveal not only substantial binding contributions from the triazole moieties, but also that binding of the syn1 isomer induces large and unprecedented enzyme conformational changes not observed in the anti1 complex nor predicted from structures of the apoenzyme and complexes with the precursor reactants. Hence, the freeze-frame reaction offers both a strategically original approach for drug discovery and a means for kinetically controlled capture, as a high-affinity complex between the enzyme and its self-created inhibitor, of a highly reactive minor abundance conformer of a fluctuating protein template. A cetylcholinesterase (AChE) rapidly terminates cholinergic neurotransmission by catalyzing the hydrolysis of the neurotransmitter, acetylcholine, and inhibitors of AChE have been used for over a century in various therapeutic regimens (1, 2). The structure of the target enzyme reveals a narrow gorge Ϸ20 Å in depth with the catalytic triad of the active center at its base (3). Distinctive inhibitors bind to the active center or to a peripheral anionic site (PAS) located at the rim of the gorge near the enzyme surface (4-6). Previously, we generated a library of active site and PAS inhibitors with respective tacrine and phenanthridinium nuclei, each equipped with an azide or acetylene group at the end of a flexible methylene chain, to enable the reporting 1,3-dipolar cycloaddition to occur (Scheme 1) (7). AChE itself served as the reaction vessel, synthesizing its own inhibitor from these building blocks, in effect, by equilibriumcontrolled sampling of various possible pairs of reactants in its active center gorge until irreversible cycloaddition between azide and acetylene ensued at an intersecting point within the gorge, between the two anchoring positions. From 49 building block combinations, the enzyme selected the TZ2͞PA6 pair to form, with an enhanced reaction rate, a highly regioselective syn1 triazole as the sole product (Scheme 1). In contrast, chemical synthesis by thermal reaction in the absence of enzyme proceeds very slowly and provides an Ϸ1:1 mixture of syn1 and anti1 regioisomers, which differ in the nitrogen substitution positions on the 1,2,3-triazole. Although both are high-affinity inhibitors, the syn1 isomer, with a 100-fold greater affinity and a subpicomolar dissociation constant for certain AChEs (7), has a potency greater than all known noncovalent organic AChE inhibitors and high selectivity for individual cholinesterases.
A cetylcholinesterase (AChE) rapidly terminates cholinergic neurotransmission by catalyzing the hydrolysis of the neurotransmitter, acetylcholine, and inhibitors of AChE have been used for over a century in various therapeutic regimens (1, 2) . The structure of the target enzyme reveals a narrow gorge Ϸ20 Å in depth with the catalytic triad of the active center at its base (3) . Distinctive inhibitors bind to the active center or to a peripheral anionic site (PAS) located at the rim of the gorge near the enzyme surface (4) (5) (6) . Previously, we generated a library of active site and PAS inhibitors with respective tacrine and phenanthridinium nuclei, each equipped with an azide or acetylene group at the end of a flexible methylene chain, to enable the reporting 1,3-dipolar cycloaddition to occur (Scheme 1) (7). AChE itself served as the reaction vessel, synthesizing its own inhibitor from these building blocks, in effect, by equilibriumcontrolled sampling of various possible pairs of reactants in its active center gorge until irreversible cycloaddition between azide and acetylene ensued at an intersecting point within the gorge, between the two anchoring positions. From 49 building block combinations, the enzyme selected the TZ2͞PA6 pair to form, with an enhanced reaction rate, a highly regioselective syn1 triazole as the sole product (Scheme 1). In contrast, chemical synthesis by thermal reaction in the absence of enzyme proceeds very slowly and provides an Ϸ1:1 mixture of syn1 and anti1 regioisomers, which differ in the nitrogen substitution positions on the 1,2,3-triazole. Although both are high-affinity inhibitors, the syn1 isomer, with a 100-fold greater affinity and a subpicomolar dissociation constant for certain AChEs (7) , has a potency greater than all known noncovalent organic AChE inhibitors and high selectivity for individual cholinesterases.
The discovery that enzymes can serve as atomic-scale reaction templates for creating their own inhibitors offers an original approach to drug discovery. In this light, we have solved the crystal structures of complexes of mouse AChE (mAChE) (8, 9) with the TZ2PA6 anti1 and syn1 regioisomers at 2.45-and 2.65-Å resolution (Table 1 and Fig. 1 ) and have analyzed further their respective binding kinetics and affinities (Table 2) . We show that the distinctive binding properties of the two isomers in solution are related to discrete rearrangements in both the ligand and enzyme conformations. Indeed, the active center gorge and PAS conformations for the two crystalline complexes differ greatly, where binding of the higher affinity syn1 isomer unveils a unique enzyme conformation not predicted from the structures of either the apo form or the complexes with the precursor reactants (10, 11) . Hence these structures reveal that the syn1 compound specifically formed on the enzyme effectively freezes in frame a highly reactive AChE conformer, and that the two TZ2PA6 regioisomers select distinct conformations from an unliganded enzyme that is presumably fluctuating between multiple conformational states. Because the unique structural features seen for the syn1-mAChE complex likely reflect the unique proximity of reactants causing the higher affinity syn1 isomer to be the sole reaction product in situ, these structures also provide insights on the cycloaddition reaction occurring on a flexible protein template and at a locus remote from the anchoring binding sites of the precursors. Thus, the unique structure of the complex captured by click chemistry leads to an unusual strategy for drug design where the most selective agents induce distinctive conformational states of the target.
Experimental Procedures
Preparation and Analysis of the Complexes. The TZ2PA6 anti1 and syn1 isomers were synthesized as described (7) . Monomeric mAChE expressed from human embryonic kidney-293 cells (9) was purified by affinity chromatography by using propidium elution (10) . The anti1-and syn1-mAChE complexes were prepared by using a 2-fold molar excess of the inhibitors and concentrations well above their K d s (Ϸ135 M i.e., 15 10 6 ϫ K i(anti) and 330 10 6 ϫ K i(syn) ; Table 2 ) (7, 10) . Titration of the isomer stock solutions ( 490nm ϭ 6,000 M Ϫ1 ⅐cm
Ϫ1
) and analysis of the complex solutions were carried out spectrophotometrically (10).
Crystallization and Data Collection. Crystallization was achieved at 4°C by vapor diffusion by using hanging drops (1-2 l) and a protein-to-well solution ratio of 1:1 with polyethylene glycol-600 25-32% (vol͞vol) in 20-100 mM Hepes, pH 6.0-7.5, as the well solution. The crystals were directly flash-cooled in the nitrogen gas stream (100 K); optimal occupancies of the crystalline PASs were controlled by spectrophotometry before data collection (10) . The crystals belonged to the orthorhombic space group P2 1 2 1 2 1 with unit cell dimensions a ϭ 79.7 Å, b ϭ 111.9 Å, and c ϭ 226.5 Å.
Oscillation images were integrated with DENZO (12) , and data were scaled and merged with SCALA (13) .
Structure Determination and Refinement. Coordinates of the anti1 and syn1 molecules were obtained from docked simulations of TZ2PA6-TcAChE complexes (7). The apo-mAChE structure (Protein Data Bank ID code 1J06) (10) without solvent was used as a starting model to refine the anti1-and syn1-mAChE complex structures with CNS (14) and REFMAC (15) (Table 1) . Rigid-body refinements on each of the two subunits in the crystalline mAChE dimer (10) gave R factor values of 25.2% and 24.8% (R free values of 25.8% and 25.3%) for the anti1 and syn1 complexes, respectively, by using all data in the 25-to 2.45͞ 2.65-Å resolution range. The resulting 2F o ϪF c and F o ϪF c electron density maps were used to position the inhibitors and correct the protein model with the graphics program TURBO-FRODO (16) .
The final two TZ2PA6-mAChE structures comprise residues Glu-1-Ala-541 and Glu-4-Thr-540 for the two mAChE mole- cules in the asymmetric unit (10) . High-temperature factors and weak electron densities are associated with residues Cys-257, Pro-258, and Asp-265 in the short ⍀ loop Cys-257-Cys-272 and with the surface loop region Asp-491-Pro-498. The average rms deviation (rmsd) between the anti1 and syn1 complex structures is 0.24 Å for 535 C␣ atoms. Between the anti1 and syn1 complexes and the apo form, the rmsds are 0.19 and 0.23 Å for 534 and 533 C␣ atoms, respectively. The stereochemistries of the bound isomers were checked by using the MM2 force field as implemented in MACROMODEL (17) . Those of the structures were analyzed with PROCHECK (18) ; with the exception of the catalytic Ser-203, no residues were found in the disallowed regions of the Ramachandran plot. Figs. 1-3 were generated with SPOCK (19) and RASTER3D (20) .
Inhibition Studies. Inhibition constants were measured from the ratio of dissociation and association rates ascertained by conventional mixing and stopped-flow instrumentation (7). The mAChE Trp286Ala mutant was expressed, sequence verified, and concentrated from the expression medium as described (21) . Purified AChE from D. melanogaster was a gift from D. Fournier (Institut de Pharmacologie et de Biologie Structurale, Toulouse, France).
Results and Discussion
Overall View of the TZ2PA6 -mAChE Complexes. The structures of mAChE in complexes with the anti1 and syn1 regioisomers ( Fig.  1) show the canonical catalytic subunit, made up of a 12-stranded central ␤-sheet surrounded by 14 ␣-helices (10, 22, 23) , and well-ordered bound inhibitor molecules. The isomer-binding site may be deconstructed into three discrete loci: (i) the active center at the base of the gorge that binds the tacrine moiety; (ii) an intervening site in the constricted region within the gorge that associates with the triazole moiety and adjacent methylene groups; and (iii) the PAS at the rim of the gorge that binds the phenylphenanthridinium moiety.
The anti1-mAChE Complex. In the anti1 complex, the tacrine moiety is positioned at the base of the mAChE gorge similar to the T. californica AChE-tacrine complex (11) (Fig. 2 A) . However, the density maps clearly reveal a slight bend in the moiety that may enhance -stacking of the tetrahydroaminoacridine ring inserted between the Trp-86 and Tyr-337 aromatic side chains. At the region of constriction formed by the side chains of Tyr-124, Phe-297, Tyr-337, and Phe-338, Ϸ5-8 Å into the gorge, the triazole establishes van der Waals contacts with the Phe-297 and Tyr-341 side chains. The hydroxyl groups of Tyr-337 and Tyr-124, on opposite sides of the gorge, are hydrogenbonded to the triazole N2 and N3 atoms and may interact with the heteroaromatic -system. The dimethylene linker connecting the tacrine and triazole is well ordered within the gorge and in van der Waals contact with the side chains of the conserved residues Asp-74, Tyr-124, and Tyr-341.
At the PAS, the phenylphenanthridinium moiety is positioned by the hexamethylene chain that links it to the triazole. Major interactions include a near-parallel stacking of the planar phenanthridinium with the Trp-286 indole, an edge-to-face arrangement with the Tyr-72 ring, and stabilizing interactions with the Ser-293 hydoxyl and Gln-291 carbonyl (Figs. 2 A  and 3A) . The anti1 exocyclic phenyl moiety, nearly buried at the gorge entrance and in a T shaped arrangement with the Tyr-72 and Trp-286 side chains, orients to establish van der Waals contacts with the Asp-74, Tyr-124, and Tyr-341 side chains and hydrogen bonds with the Tyr-72 hydroxyl and Ser-293 N, O, and O␥ atoms. Partial delocalization of electrons between the Trp-286 indole and the phenanthridinium observed in the density maps suggests formation of a charge-transfer complex, similar to that observed in the decidium-mAChE complex (10) (Fig. 2D) .
The architecture of the PAS region in the anti1-mAChE complex (Figs. 2 A and 3A) is virtually identical to that seen in the decidium-and propidium-mAChE complexes (10), and the major interactions involved in the phenanthridinium-Trp-286 stacking are retained (Fig. 2D ). Yet the phenylphenanthridinium adopts distinctive orientations in the PAS in the three complexes. In the anti1 complex, the phenanthridinium is rotated by Ϸ180°a round its centroid axis, whereas this centroid is translated by 1.5 Å from its position in the other two complexes. This positioning leads to stabilizing interactions of the anti1 phenanthridinium with the Gln-291 and Ser-293 side chains, instead of the His-287 imidazole located across the gorge opening, and to a distinct environment for the exocyclic phenyl group. This versatility in the rotational and translational orientations of the bound phenylphenanthridinium relative to the Trp-286 side chain adds a new dimension to the design of molecules that associate with the PAS region.
The syn1-mAChE Complex. The structure of the syn1-mAChE complex differs considerably from that of the anti1-mAChE complex, due to the respective 1,5-and 1,4-disubstitution of the syn1 and anti1 1,2,3-triazole rings (Scheme 1, Fig. 1 ). The anti1 isomer adopts an elongated flat shape, whereas the syn1 isomer presents a corkscrew-like topology that provides greater surface complementarity with the gorge walls, resulting in fewer solventfilled voids around the bound syn1 (Figs. 2 B and C and 3B) . Whereas the tacrine moiety in both complexes is positioned similarly within the active site, the triazole in the syn1 complex is shifted 2 Å deeper into the gorge, where it is held in place by the tacrine ring and the Phe-297 and Phe-338 side chains. Consequently, a single -aromatic interaction may exist between the syn1 triazole and Tyr-124 hydroxyl, and a water-bridged hydrogen bond is created between the triazole N3 and the catalytic Ser-203 O␥ and Gly-121 amide backbone. Additional van der Waals contacts occur between the triazole and the Gly-121-Gly-122 dipeptide backbone and Tyr-124 side chain. The shifted syn1 triazole occludes the Tyr-337 ring, which sweeps out in a 60°arc, resulting in a hydroxyl group displacement of 4.5 Å and in new interactions with the Tyr-341 ring near the gorge entry.
The position and orientation of the syn1 triazole at the gorge constriction influence the phenylphenanthridinium position at the PAS (Figs. 2 B and C and 3B) . Compared to the anti1 complex, the overall span of the linker is shortened by 1.5 Å in the more compact syn1 triazole, a value close to the length of a C-C bond ( Fig. 1 B and C) . As a result of the reduced linking distance, the syn1 phenanthridinium moiety is constrained to a narrow region deep within the gorge where it would sterically clash with the Trp-286 indole. This causes the Trp-286 side chain to be dislodged from the PAS surface and to swing into the solvent, with differences of 85°and 50°in the 1 and 2 values, respectively. This distinct side chain conformation enlarges the opening at the gorge rim 2-fold, creating a 10 ϫ 9 Å groove delimited by the Tyr-72 and uniquely positioned Trp-286 side chains on each side and by Glu-285 at its base, wherein the phenanthridinium tightly intercalates (Figs. 2 B and C and 3B) . Hence, the aromatic plate of the syn1 phenanthridinium, oriented 90°from its position in the anti1 complex, is wedged Fig. 1 ) with interacting mAChE side chains colored white, yellow, and green͞magenta (blue, nitrogens; red, oxygens) for those that respectively interact with the tacrine, triazole, and phenanthridinium moieties of the isomers. The isomer molecular surfaces are displayed in transparency. The side chains of the catalytic residues Ser-203, Glu-334, and His-447 are shown as white bonds, and hydrogen bonds between mAChE residues and the isomers are shown as white dotted lines. (C) Stereo superimposition of the anti1 and syn1 complexes (colored as in A and B) according to all C␣ atoms of mAChE. The side chains of residues Trp-286 and Tyr-337 and of dipeptide Tyr-341-Gly-342, which adopt distinctive positions in the complexes, are shown in magenta and green, respectively. The values for the Trp-286 side chain are (anti 1 ϭ Ϫ73°, 2 ϭ 100°; syn 1 ϭ Ϫ158°, 2 ϭ 50°). (D) Stereo superimposition of the anti1 complex with the decidium-mAChE complex (Protein Data Bank ID code 1J07; ref. 10) according to all C␣ atoms of mAChE in the two complexes. The anti1 and decidium phenylphenanthridinium moieties (yellow and white bonds, respectively; blue, nitrogens) adopt distinct positions and orientations relative to Trp-286 in the PAS, whereas their alkyl chains diverge. The side chains of the PAS residues are highlighted in green (blue, nitrogens; red, oxygens). The mAChE molecular surface buried at the anti1 complex interface is displayed in transparency. neatly between the two aromatic side chains where it is stabilized by -interactions with centroids separated by 3.6-3.8 Å. This causes the phenyl group to become solvent exposed and establish discrete van der Waals contacts with residues Leu-76, Tyr-341, and Gly-342 at the gorge rim.
Kinetic Analysis of syn1 and anti1 Isomer Binding. Comparison of the relative rates of association and dissociation shows that the enhanced affinity of the syn1 isomer for mAChE largely results from a slower dissociation rate ( Table 2 ). The small differences seen in the association rates would be anticipated in view of the rates being at or near the diffusion rate limit. Hence the enhanced affinity of the syn1 isomer is reflected in a greater activation barrier for dissociation of the complex. Several conformational changes and positional rearrangements of side chains observed within the PAS and active-site gorge correlate with the syn1 isomer being more tightly sequestered in the active site gorge.
The syn1 isomer displays up to 5-fold greater affinity for E. electricus and T. californica AChEs than for mAChE, and the selectivity of E. electricus AChE for the syn1 isomer is as much as 300-fold higher than that of any other AChE species assayed (Table 2) . Only low-resolution structures of E. electricus AChE are available (24) , but the limited sequence differences found at the PAS and within the gorge do not reveal particular determinants responsible for the higher selectivity. In contrast, D. melanogaster AChE, with its Glu, Tyr, and Met substitutions for mAChE residues Tyr-72, Asp-74, and Tyr-124, and mouse butyrylcholinesterase, with its Arg and Asn substitutions for Trp-286 and Tyr-72 (see http:͞͞bioweb.ensam.inra.fr͞ ESTHER͞general?what ϭ index), show an inverted but small selectivity for the anti1 isomer, consistent with a more open gorge and fewer aromatic side chains at the PAS in these enzymes. Moreover, removal of the indole ring at the rim of the mAChE gorge by a Trp286Ala mutation results in higher dissociation rates and up to 20-fold reduction in affinity for the syn1 and anti1 complexes. These results further emphasize the importance of the peripheral aromatic side chains in trapping the syn1 phenanthridinium and of Trp-286 in stabilizing both complexes despite the distinctive orientations of the indole side chain.
Functional Role of the Central Triazole Moiety. The triazole moieties of the syn1-and anti1-mAChE complexes are both tightly bound within the gorge, due to rearrangements in both ligand position and mAChE conformation (Fig. 2) . Hence, the triazoles actively contribute to the binding interactions in the respective complexes instead of acting as passive linkers. The high affinities of the complexes (Table 2) arise not only from proximity reducing entropic contributions for a ''divalent'' ligand with separate binding groups but also from interactions along the gorge wall. The observation that the alternate synthesis product TZ6PA2 with inverted dimethylene and hexamethylene linkers is a weak AChE inhibitor (7) provides additional evidence for specific position-sensitive triazole contributions to the overall binding energy. The formative adaptability of this five-membered heterocycle is reflected in syn1 cycloaddition occurring with the azide and acetylene extended in a parallel orientation, effectively shortening the intervening linker through the triazole by one bond length, whereas they would lie antiparallel in formation of the anti1 triazole product (7). The triazole's large dipole (Ͼ5 Debye), which bisects the ring plane near atoms N3 and C5 (Scheme 1, Fig. 1 B and C) , and the capacity of the N2 and N3 electron lone pairs to serve as hydrogen bond acceptors not only enhance binding affinity but also contribute to the efficiency of the 1,3-dipolar-coupling reaction. The conformation of the syn1 complex is congruent with syn1's shorter linker, compared to the anti1 complex. This is evident from the positioning of the phenanthridinium at the PAS, where it resides closer to the tetrahydroaminoacridine in the syn1 than in the anti1 complex ( Fig. 1 B and C, Fig. 2C ). To achieve this disposition of proximal reactants, a substantial conformational change occurs at the rim of the gorge with a secondary change evident in the vicinity of the triazole formed by the cycloaddition (Figs. 2C and  3) . Hence, the reactivity of the azide and acetylene precursors in the gorge and the resulting affinity of the triazole formed could not have been predicted from structures of apo-AChE (10) or of complexes with close congeners to the precursors (10, 11) . To date, inhibitors containing substituted 1,2,3-triazoles have been observed only in plant glycolate oxidase inhibitors (25) and ␤-lactam antimicrobials (26) . 10, 11, 22, 23, 27, and 28) . Only the apo-mAChE structure (10), solved from the crystal form used here, shows the Trp-286 external face fully accessible to solvent, providing it with potential mobility. Indeed, binding of the syn1 isomer displaces the Trp-286 side chain from the AChE hydrophobic core toward the solvent, with one face of the indole now stacked with the phenanthridinium and the other face still exposed to the solvent and in van der Waals contact with Leu-289 (Figs. 2C and 3) . One of the phenanthridinium rings is buried in a near-parallel stacking interaction with the Tyr-124 ring at the bottom of the groove, whereas the other two rings insert into the Trp-286-Tyr-72 parallel sandwich. The buried phenanthridinium amino group is hydrogen bonded to Glu-285. Whereas the phenanthridinium ring system in the bound anti1 isomer is virtually planar, the syn1 system adopts a slightly curved shape conforming to the induced groove where it intercalates.
Indirect evidence suggests that the PAS region, with its surface-exposed aromatic groups, may be responsible for the adhesion properties of AChE (29) . Recognition and adhesion play important roles in synapse maintenance, as seen with the structurally related neuroligins (30) . They may also play a role for the AChE-promoted nucleation of amyloid peptides in the Alzheimer's disease pathogenesis (31) . The flip in the Trp-286 indole and the newfound -and cation-interactions seen in the syn complex raise the possibility that an open conformation of AChE with distinctive exposure of aromatic groups is involved in these adhesion functions. -orbital stacking mediated by aromatic side chains is instrumental in other molecular recognition and cell adhesion processes (32) . Other intercalations of polycylic aromatic compounds between protein aromatic side chains or nucleotide bases involve the isoalloxazine moiety of the flavin cofactor and flavodoxin (33) ; ethidium derivatives and the multidrug-resistant-binding protein QacR (34) and adjacent base pairs (see Nucleic Acid Database, code 1JTY); the benzothiazole moiety of thioflavin and DNA (35) and ␤-sheet amyloid structures (36) ; and perhaps thioflavin and the PAS of AChE (37) .
Role of the AChE Gorge Flexibility in Catalysis and Inhibitor Binding.
Controversy surrounds how AChE, with its catalytic triad at the base of a narrow gorge, sustains high catalytic efficiency. Alternate portals for substrate and product access have been proposed (38) ; however, catalytic and inhibitor-binding parameters are influenced only by mutations in the gorge (21) and not in the vicinity of the putative additional portals (39) . Rapid fluctuations giving rise to transient enlargements of the gorge appear critical (40) . Ligand binding evidently induces a closed gorge state, whereas the unliganded enzyme seems to fluctuate rapidly between multiple states with varying degrees of gorge openness (41, 42) .
Previous structural analysis of PAS ligands associated with mAChE showed that the tips of the long ⍀ loop Cys-69-Cys-96 and loop Val-340-Gly-342 bordering on the gorge (Fig. 1 A) possessed sufficient mobility to enlarge the gorge entry, thereby facilitating access to and from the active center (10) . In fact, only the syn1-mAChE complex exhibits an increase of up to 12 Å in the mean temperature factors for residues at the loop tips where movement of 1.2 Å of Leu-76 and an inversion of the Gly-342 carbonyl carbon occur; the weak electron densities for the Leu-76 and Tyr-341 side chains are also consistent with substantial localized fluctuations. Hence, the flexibility of the AChE long ⍀ loop differs from the hinge-like motion of a homologous loop that, in the structurally related lipases, forms a rigid flap and opens only in the presence of the lipid substrate (43, 44) . Moreover, ligand binding to AChE may cause the gorge to collapse around the ligand, minimizing internal dimensions (41, 42) . This notion is supported by the observed repositioning of the Tyr-337 side chain and associated perturbation of Tyr-341, which not only alter the gorge shape but also enlarge its width at the position of constriction to accommodate the syn1 triazole (Fig. 2C) . Such large conformational changes involving these residues were not observed for the PAS or active center complexes from which the precursor reactants were designed (10, 11) . These computational and experimental results point to concerted fluctuations all along the gorge, which may facilitate access of incoming substrate to the active site at the gorge base and presumably occur in short time frames relative to diffusional translation of substrate (40) . In summary, the use of the enzyme active-site gorge as an atomic-scale template for inhibitor synthesis (7) and of structural analyses of the anti1-and syn1-mAChE complexes has revealed (i) an in situ phemonenon (7) that bears an uncanny resemblance to pioneering studies begun in 1983 by W. L. Mock (45) ; (ii) inherent flexibility and conformational fluctuations in the AChE molecule; and (iii) a most stable and selective complex that could not have been predicted from the apo-enzyme structure (10) . The highly exergonic nature of the 1,3-dipolar-[2 ϩ 3]-cycloaddition (⌬H Ͼ50 kcal͞mol) has allowed us to immobilize and then identify by structural means an otherwise minor abundance conformation of the enzyme. Because only the higher-affinity syn1-triazole regioisomer is associated with major changes in enzyme conformation, the crystalline syn1-mAChE complex becomes the lead template in the design of selective pharmacologic agents directed toward the catalytic or noncatalytic functions of AChE. If, in fact, AChE through its PAS plays a role in synaptic adhesion processes and in nucleating plaque formation associated with dementia (29) , then AChE inhibitors that also influence surface conformation may offer a means of enhancing therapeutic efficacy.
